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FOREWORD 


The  study  reported  herein  was  performed  by  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  for  the  Office,  Secretary  of  Defense 
(OSD),  Advanced  Research  Projects  Agency  (ARPA).  This  report  describes 
portions  of  two  tasks  of  the  overall  Mobility  Environmental  Research  Study 
(MERS)  sponsored  by  OSD/ARPA  for  which  the  WES  was  the  prime  contractor  and 
the  U.  S.  Army  Materiel  Command  (AMC)  was  the  service  agent.  The  broad 
mission  of  Project  MERS  was  to  determine  the  effects  of  the  various  fea¬ 
tures  of  the  physical  environment  on  the  performance  of  cross-country, 
ground-contact  vehicles  and  to  provide  therefrom  data  that  can  be  used 
to  improve  both  the  design  and  employment  of  such  vehicles.  A  condition 
of  the  project  is  that  the  data  be  interpretable  in  terms  of  vehicle  re¬ 
quirements  for  Southeast  Asia.  The  funds  employed  for  this  study  were 
allocated  t  .  WES  through  AMC  under  ARPA  Order  Wo.  4-00.  The  study  was  per¬ 
formed  during  the  period  June  1964-November  1965  under  the  general  guidance 
and  supervision  of  the  MERS  Branch  of  the  WES,  the  staff  -  element  of  WES 
responsible  for  the  technical  management  and  direction  of  the  MERS  program. 

This  volume  is  one  of  an  eight-volume  report  entitled  A  Quantitative 
Method  for  Describing  Terrain  for  Ground  Mobility.  These  volumes  are: 


I: 

Summary 

II: 

Surface  Composition 

III: 

Surface  Geometry 

IV: 

Vegetation 

V: 

Hydrologic  Geometry 

VI: 

Selected  Air-Photo  Patterns  of  Terrain 

Features 

VII: 

Development  of  Fact or -Complex  Maps  for 

Ground  Mobility 

VIII: 

Terrain  Factor-Family  Maps  of  Selected  Areas 

Field  data  were  collected  in  Thailand  between  July  1964  and  May  1965 
by  a  three-man  team.  Personnel  who  served  on  this  team  at  various  times 
were:  Messrs.  H.  W.  West  and  B.  T.  Helmuth,  Area  Evaluation  Branch  (AEB) , 
Mobility  and  Environmental  (M&E)  Division,  WES;  Mr.  V.  H.  Anderson  and 
PVT  G.  Cunningham,  U.  S.  Army  Cold  Regions  Research  and  Engineering  Lab¬ 
oratory  (CRREL);  and  Messrs.  Ruangvitya  Chotibitayathamin,  Sarid  Srithirom, 
Sriwiroj  Chantawong,  Anuvat  Laophanich,  Thamnoon  Mongkol,  Boonkiat 
Sirimontaporn,  Sue hart  Supaphol,  Taweesak  Suwanpitak,  and  Tawee  Klinproung, 
MERS  Field  Detachment,  Bangkok,  Thailand.  Field  sampling  was  under  the 
direct  supervision  of  a  data  collection  leader.  This  position  was  occu¬ 
pied  for  periods  of  3  to  4  months  each  by  Messrs.  W.  K.  Dornbusch,  Jr.,  and 
J.  D.  Broughton,  WES  Geology  Branch,  and  Mr.  Ruangvitya  Chotibitayathamin, 
MERS  Thailand  Detachment.  The  data  collection  accomplished  by  CRREL  was 
under  the  direct  supervision  of  Mr.  R.  E.  Frost,  Chief,  Photographic 
Interpretation  Division,  CRREL.  Data  reduction  and  map  preparation  were 
accomplished  by  a  team  composed  of  Messrs.  E.  E.  Garrett,  team  captain, 

H.  W.  West,  W.  W.  Allred,  and  M.  A.  Zappi  of  AEB.  The  report  *  ,,s  written 
by  Messrs.  Garrett  and  J.  H.  Shamburger,  WES  Geology  Branch.  The  data 
reduction  and  map  preparation  phase  was  conducted  under  the  direction  of 
Mr.  Shamburger.  Technical  assistance  in  various  phases  of  the  work  was 
provided  by  Mr.  A.  A.  Rula,  Chief,  Mobility  and  Environmental  Research 
Studies  Branch.  All  phases  of  this  study  were  under  the  direct  supervision 
of  Mr.  W.  E.  Grabau,  Chief,  AEB,  and  Dr.  C.  R.  Kolb,  Chief,  Geology  Branch, 
and  under  the  general  supervision  of  Messrs.  W.  G.  Shockley  and  S.  J. 

Knight,  Chief  and  Assistant  Chief,  respectively,  of  the  M&E  Division,  and 
Messrs.  W.  J.  Turnbull  and  A.  A.  Maxwell,  Chief  and  Assistant  Chief,  res¬ 
pectively,  of  the  Soils  Division. 

Directors  of  the  WES  during  the  conduct  of  this  study  and  prepa¬ 
ration  of  this  report  were  COL  Alex  G.  Sutton,  Jr.,  CE,  and  COL  John  R. 
Oswalt ,  Jr.,  CE.  Technical  Director  was  Mr.  J.  B.  Tiffany. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 

British  units  of  measurement  used  in  this  report  can  be  converted  to  metric 
units  as  follows: 


Multiply 

By 

To  Obtain 

inches 

2.54 

centimeters 

feet 

0.3048 

meters 

feet  per  second 

0.3048 

meters  per  second 
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SUMMARY 


This  volume  presents  the  methods  used  in  collecting  hydrologic 
geometry  data  in  selected  areas  in  Thailand.  The  selection,  analysis, 
and  classification  of  parameters  significant  to  vehicle  mobility  are 
discussed.  The  photo-interpretation  methods  used  in  identifying  hy¬ 
drologic  geometry  features  from  aerial  photographs  (air  photos)  and  the 
extrapolation  of  these  identifications  to  areas  not  investigated  on  the 
ground  are  presented..  The  rationale  for  cartographic  portrayal  of  these 
parameters  is  explained.  Utilizing  the  collected  field  data,  available 
air  photos,  and  the  Army  Map  Service  series  of  topographic  maps,  hydro- 
logic  geometry  factor  maps  were  prepared  covering  the  six  selected  study 
areas  (Nakhon  Sawan,  Lop  Buri,  Chiang  Mai,  Chanthaburi,  Pran  Buri,  and 
Khon  Kaen).  The  maps  are  presented  in  Volume  VIII  of  this  series. 

It  proved  only  partially  possible  to  determine  the  existence  and 
value  of  the  chosen  parameters  from  air  photos  since  some  of  the  indi¬ 
vidual  factors  are  wholly  or  partially  below  the  water  surface.  Never¬ 
theless,  photo  interpretation  plus  extrapolation  from  measured  sites  made 
it  possible  to  map  the  parametric  values  by  class  range  with  reasonable 
validity.  Recommendations  are  made  involving  improvement  in  data- 
collection  techniques. 


MOBILITY  ENVIRONMENTAL  RESEARCH  STUDY 


A  QUANTITATIVE  METHOD  FOR  DESCRIBING 
TERRAIN  FOR  GROUND  MOBILITY 

VOLUME  V:  HYDROLOGIC  GEOMETRY 

PART  I:  INTRODUCTION 

Background 

1.  Hydrologic  geometry  as  a  factor  family,  per  se,  comprises  fac¬ 
tors  that  are  partially  or  wholly  related  to  other  factor  families.  That 
is,  it  includes  factors  that  are  treated  more  specifically  in  the  consid¬ 
eration  of  surface  geometry  and  surface  composition.  For  example,  the 
shape  of  a  stream  channel  is  properly  a  surface  geometry  feature,  and  the 
soils  in  the  bed  and  banks  are  surface  materials.  The  justification  for 
making  hydrologic  geometry  an  independent  factor  family  lies  in  the  fact 
that  surface  geometry  features  and  surface  materials,  in  association  with 
water,  produce  an  array  of  unique  effects  on  numerous  military  activities. 

2.  This  array  of  effects  tends  to  focus  sharply,  but  not  exclu¬ 
sively,  on  the  water  margins.  Amphibious  vehicles  operate  relatively  in¬ 
dependently  of  water  depth,  but  they  are  extremely  sensitive  to  the  angle 
at  which  they  can  enter  or  leave  the  water.  Progressive  changes  in 
buoyancy  and  center  of  gravity  take  place  as  a  vehicle  passes  from  a 
state  of  flotation,  through  partial  support,  to  complete  ground  traction. 
Amphibious  vehicles  are  also  sensitive  to  current  velocity  and  wave 
action.  Through  the  operation  of  such  factors,  the  water-land  interface 
assumes  great  significance  for  cross-country  mobility.  Consequently,  the 
data  collection  systems  described  herein  are  designed  to  provide  detailed 
information  on  the  dynamic  characteristics  of  water  in  motion  as  well  as 
the  interface  between  water,  land,  and  air.  In  view  of  this,  the  data 
array  consists  of  details  of  three  sets  of  properties:  the  surface  geome¬ 
try  or  cross-sectional  shape  of  the  entire  channel,  including  its  banks; 
the  composition  and  strength  of  the  materials  forming  the  channel; 
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and  the  water  depth  and  current  velocity. 

3.  As  with  surface  geometry,1  no  completely  satisfactory  method 
of  describing  and  classifying  surface-water  bodies  in  an  objective  and 
quantitative  manner  is  presently  known.  Hydrologic  geometry  is  faced 
with  the  same  problem  of  describing  an  irregular  three-dimensional  sur¬ 
face  as  is  surface  geometry.  Also,  hydrologic  geometry  encompasses  the 
requirement  of  describing  very  large  variations  in  geometric  conditions 
that  occur  within  short  distances  and/or  even  within  relatively  short 
periods  of  time.  For  example,  a  single  period  of  rain  may  change  streams 
from  sluggish  trickles  to  rapidly  moving  floods  several  meters  deep. 

4.  These  dynamic  and  transient  characteristics,  coupled  with  the 
complexity  of  an  irregularly  warped  surface,  make  it  impossible  to  fit 
descriptive  data  into  an  established  classification  system.  Therefore, 
the  investigator  is  faced  with  the  necessity  of  measuring  and  recording 
sufficient  basic  data  so  that,  hopefully,  the  requirements  of  any  clas¬ 
sification  system  that  may  emerge  in  the  future  can  be  met. 

Purpose  and  Scope 


Purpose 

5.  The  overall  purpose  of  this  study  was  to  collect,  analyze,  and 
present  data  on  surface  composition,  surface  geometry,  vegetation,  and 
hydrologic  geometry  in  selected  areas  presumably  representative  of  Thailand, 
with  two  definite  objectives  in  view.  The  immediate  objective  was  to  as¬ 
semble  these  data  in  such  a  form  that  they  could  be  used  to  determine  the 
effects  of  terrain  on  the  cross-country  mobility  of  ground-contact  vehi¬ 
cles  in  environments  characteristic  of  Southeast  Asia.  The  long-term  ob¬ 
jective  was  to  further  the  development  of  quantitative  methods  for  des¬ 
cribing  those  terrain  factors  that  significantly  affect  vehicle  mobility 

in  terms  suitable  for  their  use  as  input  to  a  mathematical  or  analytical 
vehicle-speed  prediction  model. 

6.  The  specific  purpose  of  this  study  was  to  measure  the  principal 
hydrologic  geometry  factors  known  or  presumed  to  affect  vehicle  performance 
in  selected  areas  of  Thailand,  to  develop  methods  for  estimating  factor 
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values  by  the  interpretation  of  aerial  photographs  (air  photos),  and  to 
classify  and  map  the  significant  factor  /alues  in  the  selected  areas. 
Scope 

7.  The  results  presented  in  this  study  were  derived  primarily  from 
analyses  of  554  sites  within  the  six  primary  study  areas  (Nakhon  Sawan, 
Lop  Buri,  Chiang  Mai,  Pran  Buri,  Khon  Kaen,  and  Chanthaburi)  (fig.  l). 

The  data  were  collected  in  the  field  in  the  period  July  1964-May  1965 . 
Interpretation  of  air  photos  constituted  a  major  source  of  information 
for  the  factor  maps,  but  scale  and  vintage  of  the  air  photos  (see  legend 
in  fig.  l)  affected  the  accuracy  and  reliability  of  interpretation. 
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PART  IT:  DATA  COLLECTION  PROCEDURES 


8.  "Water  body"  is  used  as  a  general  term  to  encompass  such  hydro- 
logic  features  as  canals,  streams,  lagoons,  and  even  lakes  and  reservoirs. 
These  hydrologic  features  within  Thailand  do,  in  fact,  grade  from  one  to 
another  to  such  an  extent  that  the  categories  are  often  indistinguishable. 

9.  For  the  purpose  of  collecting  field  data,  a  channel  or  basin  with 
a  water  depth  of  25  cm  or  greater  for  a  total  period  one  week  of  the 
year  was  considered  a  hydrologic  geometry  feature.  Conversely,  a  channel 
or  basin  with  a  lesser  amount  of  water  (or  even  a  greater  amount  of  water 
for  a  shorter  period  of  time)  was  categorized  as  a  surface  geometry  feature. 
However,  before  the  data  were  analyzed  and  mapping  was  begun,  these  defi¬ 
nitions  were  revised.  The  revisions  are  discussed  in  paragraph  18.  It  was 
evident  that  it  would  often  be  difficult  or  impossible  to  establish  the 
proper  category  into  which  a  specific  feature  should  be  placed.  This  was 
not  regarded  as  serious  because  the  precise  categorization  of  a  feature  is 
of  distinctly  secondary  importance.  The  important  thing  was  to  measure 
adequately  all  features.  Therefore,  borderline  cases  were  placed  in  one 
category  or  another  and  thus  recorded. 

10.  No  attempt  was  made  to  actually  measure  the  plan  geometry  of 
water  bodies.  Since  most  of  the  area  studied  is  covered  by  adequate  maps 
and/or  air  photos,  it  was  felt  that  in  most  instances  the  areal  arrange¬ 
ment  could  be  more  rapidly  obtained  from  them  than  from  time-consuming 
field  measurements.  However,  sketches  of  the  local  channel  configurations 
were  always  made. 


Selection  of  Sites 


11.  Water  channels  vary  so  greatly  within  relatively  short  dis¬ 
tances  that  no  detailed  instructions  for  the  selection  of  sampling  sites 
could  be  given.  The  general  intent  of  the  sampling  program  was  to 
establish  the  nature  and  range  of  variation  for  the  hydrologic  geometry 
features  in  the  areas  studied.  The  following  general  considerations 
were  given  to  the  selection  of  sites: 
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Channels  of  all  sizes  and  types  (natural  and  artificial) 
should  be  sampled. 

Channels  of  sinuous  and  meandering  types,  wherever  possible, 
should  be  sampled  both  at  a  bend  and  an  adjacent  crossovar 
(fig.  2). 


Each  channel  should  be  examined  for  basic  variations  in 
cross-sectional  configuration,  and  each  variation  should  be 
measured,  if  possible. 

Sites  should  be  selected  at  bridges  only  as  a  last  resort 
because  the  channel  configurations  at  such  sites  are  usually 
abnormal  as  a  result  of  the  presence  of  piers  or  control 
works.  Where  sites  must  be  selected  nearby,  care  must  be 
taken  to  ensure  that  the  locations  are  beyond  the  influence 
of  the  bridge. 


* 


BEND  SITE 


CROSSOVER  SITE 

TYPICAL  PROFILES 


Fig.  2.  ytudy  site  location  on  sinuous 
or  meandering  channels 
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Topographic  Description  and.  Measurement  of  Sites 


12.  The  usefulness  of  an  environmental  description  of  a  site  de¬ 
pends  upon  a  knowledge  of  its  exact  location,  the  physiographic  context 
in  which  the  site  occurs,  and  the  time  at  which  features  at  the  site  were 
measured,  since  two  identical  configurations  can  occur  as  the  result  of 
different  genetic  processes.  Often  the  only  way  to  distinguish  between 
the  configurations  is  by  identifying  the  geographic  context  and  noting 
the  time  at  which  the  description  was  made.  Location  is  of  absolute  im¬ 
portance,  because  a  mislocated  point  of  ground  truth  can  lead  a  photo 
interpreter  badly  astray;  the  sample  point  may  be  located  on  the  photo¬ 
graph  in  a  pattern  different  from  that  in  which  it  actually  occurs.  Ac¬ 
cordingly,  for  every  sampled  location  data  were  recorded  on  a  hydrologic 
geometry  site  description  form.  Fig.  3  is  an  example  of  this  form  with 
typical  data  inserted.  Instructions  for  completing  this  form  are  given 
in  the  Environmental  Data  Collection  Manual.2 

13-  Since  a  vehicle  traversing  any  terrain  reacts  only  to  the 
surface  with  which  it  is  in  contact,  it  is  necessary  to  determine  the 
configuration  of  a  3-m-wide  strip  of  terrain  approximately  corresponding 
to  the  vehicle  width  along  the  presumed  course  in  order  t<~  reduce  the 
vehicle/terrain  relation  to  analytical  terms.  To  determine  the  topo¬ 
graphic  configuration  of  this  strip,  an  appropriate  number  of  cross 
sections  must  be  measured.  The  number  of  cross  sections  to  be  measured 
depends  on  the  complexity  of  the  surface.  Ideally,  there  should  be 
enough  to  enable  reproduction  of  the  surface  from  the  data  alone.  Usu¬ 
ally,  two  cross  sections  were  measured  at  each  site.  However,  artificial 
channels  were  often  of  such  uniform  cross  section  that  a  second  cross 
section  would  have  been  superfluous.  Occasionally,  three  cross  sections 
were  measured,  but  limitations  of  time  usually  dictated  that  not  more  than 
two  be  measured.  The  profiles  were  measured  in  a  direction  normal  to  the 
channel  and  were  of  sufficient  length  to  encompass  the  maximum  width  of  the 
channel  under  the  highest  expectable  water  conditions. 

l4.  The  procedures  followed  in  measuring  the  cross  sections  are 
detailed  in  the  previously  cited  Environmental  Data  Collection  Manual 
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(paragraph  12).  The  details  of  procedure  varied  frc  site  to  site  in 
order  that  specific  situations  could  be  accommodated.  Figs.  4  and  5 
present  examples  of  typically  completed  additional  forms  on  which  the 
data  taken  at  all  hydrologic  geometry  sites  were  recorded.  Nearly  all 
hydrologic  geometry  measurements  in  Thailand  were  recorded  in  British 
units,  primarily  because  all  of  the  readily  available  instruments  were 
so  calibrated.  Since  the  field  data  were  in  British  units,  all  subsequenl 
data  manipulations  (see  Appendix  A)  were  also  performed  in  British  units. < 
In  general,  relative  elevations  were  measured  at  every  point  along  the 
cross  section  where  there  was  an  obvious  change  in  slope.  Cone  index 
profiles  were  taken  in  every  obviously  different  noil  type  or  soil  con¬ 
dition,  and  normally  additional  cone  index  profiles  were  taken  at  the  edge 
of  the  water  (fig.  4,  second  and  third  cone  index  records**)  regardless  of 
other  considerations.  Soil  types  were  usually  identified  only  by  field 
observation,  and  then  only  the  0-  to  6-in.  layer  was  examined.  Only 
rarely  were  samples  taken  for  laboratory  analysis.  At  the  time  of  samp¬ 
ling,  the  water  level  was  taken,  and  the  maximum  water  level,  as  indi¬ 
cated  by  high-water  marks,  was  noted.  Where  the  depth  was  over  25  cm, 
it  was  usually  obvious  from  looking  at  the  water  body  that  this  depth’ 
persisted  for  greater  than  one  week  per  year.  Where  water  depths  were 
less  than  25  cm  at  the  time  of  measurements,  high-water  marks,  conversa¬ 
tion  with  people  living  in  the  vicinity,  etc.,  usually  permitted  estab¬ 
lishment  of  the  fact  that  the  feature  in  question  fit  the  definition  of  a 
hydrologic  geometry  feature.  When  practical,  current  velocities  were 
measured  at  several  points  along  the  cross  section,  with  the  points  chosen 
to  give  a  reasonably  reliable  current  velocity  profile  across  the  channel. 
Photographs  were  taken  of  all  aspects  of  the  site. 

15.  The  body  of  data,  as  outlined  above,  constitutes  the  factual 
basis  on  which  the  subsequent  analysis  and  interpretation  were 


A  table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  vii.  measurement  to 

**  The  values  entered  on  this  form  are  averages  of  mniti-ni^ 

reooried  ln  the  field  on  a  Trafficability  Data  Form,"  illustrated  in 
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WES  FORM  NO. 


/-H-/Q 


r.  3/  /9l/+  /9S3 


SITE  NO.:  / -H  ~/0 _  PATE:  3/  /?tS4  /9S3  COUNTRY;  T/r3/V*r7C/ _ 

NAME  OF  WATER  BODY;  A»/P/7jj?  £&/? O  P<9/77C//7Q _ 

general  location:  C/b+cArS’At  //M  3  3.  3Ar/7?  ytV-  3 /c/77  S3 _ 

MEASURED  BY:  u/ers/  /tff/^T9t//3 _  UN|T  MEASURE:  British 

8  MAXIMUM  WATER  LEVEL  SHF  FT  /  OF  3 


I  WATER  LEVEL  AT  TIME  OF  SAMPLE 


PROFILE 

OFFSET 


//f  3.7a 


DISTANCE 

VERTICAL 
OFFSET,  FT 

CONE  INDEX  1 

■  ai  ■  v . j n * 

uia  i  nnwB 

FT 

Ddcacai 

SOIL  TYPE 
0-6"LAYER 

CURREN* 


3.00 


REMARKS 


\m&2 


//.03 


9  37 


oe 


✓ 93.3 

9. 93 

/33S 

3.3/ 

r  a *r/7. 


3.93 


3.73 


39*0 


/9.33 


333  3.3/ 


V  0.M 


/3./9 


Fig.  4.  Completed  hydrologic  geometry  data  form  (sheet  1  of  2) 
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WES  FORM  NO. 
FEBRUARY  1M4 


1373 


HYDROLOGIC  GEOMETRY  DATA  FORM 


SITE  NO.:-/—  H- to -  DATE:  COUNTRY:  7~*74//*/7d 

NAME  OF  WATER  BOnV:  /or70  &&/?#  P&/r>Or?Q _ 

GENERAL  LOCATION:  /VTP/77  Cftgck  S/&.  HttW  #  £  Sk/77  MW  -  <?A/77  s£ _ 

MEASURED  W  Me/mv/h _  UN|T  MEASURE:  British 


®  maximum  water  level  sheet  OF  <2 

IS  WATER  LEVEL  AT  TIME  OF  SAMPLE 


Fig.  4.  (sheet  2  of  2) 


established.  Although  the  collection  procedures  incorporated  all  of  the 
factors  described  above,  it  was  anticipated  that  some  of  them,  notably 
the  soil  type  and  cone  index  of  bank  and  bottom  and  the  current  velocities, 
would  be  very  difficult  to  interpret  from  air  photos,  especially  if  those 
photos  were  small  scale.  Data  were  collected,  despite  the  expected  inter¬ 
pretation  problems,  in  order  to  provide  as  complete  a  description  of  each 
hydrologic  geometry  "type"  as  possible,  on  the  chance  that  the  data  would 
subsequently  prove  useful,  either  for  the  MERS  project  or  some  later  in¬ 
vestigation.  All  of  the  basic  data  are  on  file  at  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station. 
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PART  III:  DATA  REDICTION  AND  ANALYSIS 


16.  The  sources  of  information  that  were  consulted  for  the  program 
of  data  reduction  and  analysis  were:  (a)  the  field  measurements  taken 
during  the  preliminary  survey  in  1962; 3  (b)  Army  Map  Service  (AMS)  Series 
L708  topographic  maps  (scale  1:50,000);  and  (c)  the  information  assembled 
under  the  MERS  data  collection  program  from  July  1964  to  May  1965.  The 
•  availability  of  published  data  was  determined  through  a  literature  survey^ 
conducted  as  a  separate  MERS  task.  This  survey  revealed  a  considerable 
number  (274)  of  references  to  hydrologic  geometry  of  Thailand.  However, 
only  about  5  percent  of  these  were  pertinent  to  the  study  areas.  Where 
references  pertained  to  the  areas  of  interest,  usable  information  concern¬ 
ing  profiles,  soil  type,  and  bank  conditions  of  streams  and  rivers  was  con. 
sistently  absent.  Only  a  very  limited  number  of  the  preliminary  survey 
sites  were  positioned  where  the  data  could  be  applied.  Therefore,  the 
only  practicable  and  useful  data  for  this  study  came  from  the  MERS  data 
collection  program  and  the  AMS  topographic  maps. 

17.  During  the  period  of  data  collection,  554  hydrologic  geometry 
sites  were  sampled  within  the  study  areas  shewn  in  fig.  1.  These  sites 
were  distributed  among  the  study  areas  as  follows:  (a)  Nakhon  Sawan— 46, 

(b)  Lop  Bur i— 125,  (c)  Chiang  Mai— 133,  (d)  Praa  Buri— 8l,  (e)  Khon  Kaen- 
105,  and  (f)  Chanthaburi— 64.  Locations  of  these  sites  are  shown  on  maps 
in  Appendix  A.  These  sites  were  selected  from  preliminary  examination  of 
air  photos  followed  by  ground  reconnaissance.  They  encompassed  as  wide  a 
variety  of  water  body  characteristics  as  time  and  accessibility  allowed. 
Accessibility  of  sites  was  a  limiting  factor  in  Thailand  because  of  the 
restricted  road  network.  Sampling  points  were  located  where  they  could 

be  reached  by  a  4-wheel-drive  vehicle  or  by  boat  without  undue  loss  of 
time. 


Data  Reduction 


18.  At  the  inception  of  the  study  and  when  the  field  data  were 
being  collected,  the  term  hydrologic  geometry  was  defined  as  inclusive 
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Of  any  feature  occupied  by  water  to  at  leant  a  25-=m  depth  for  a  minimum 
of  one  week  per  year.  On  thin  basin,  data  appropriate  to  the  factor 
family  were  recorded.  However,  after  the  conclusion  of  the  data  collec¬ 
tion  program,  and  when  the  analysis  of  the  resultant  information  wan  con¬ 
templated,  it  became  apparent  that  the  original  definition  was  not  real¬ 
istic  in  that  it  did  not  adequately  accommodate  the  vehicle  reaction 
to  topographic  configurations  containing  shallow  water.  In  actuality,  a 
vehicle  crossing  a  water  body  of  insufficient  depth  to  alter  significantly 
Its  ground-contact  pressure  or  to  affect  its  engine  operation  does  not 
respond  to  the  presence  of  the  water.  Consideration  of  this  brought  the 
obvious  conclusion  that  such  features  should  be  considered  as  pertaining 
to  surface  geometry  rather  than  hydrologic  geometry.  A  decision  had  to 
be  reached  arbitrarily  on  the  minimum  depth  of  a  water  body  that  would 
Significantly  affect  vehicle  movement.  To  reach  such  a  decision,  specific 
vehicles  had  to  be  considered.  Two  were  chosen:  the  M37  as  representative 
of  nonamphibious  military  vehicles,  and  the  HU3  as  representative  of 
vehicles  with  a  "swimming"  capability.  The  former  has  a  maximum  fording 
depth  of  1.1  m.  The  latter  becomes  free-floating  at  a  depth  of  1.37  m. 

On  this  basis,  and  allowing  an  adequate  safety  margin,  the  minimum  water 

depth  chosen  to  distinguish  a  hydrologic  geometry  feature  was  fixed  at 
91  cm. 

19.  In  addition,  the  obvious  fact  that  many  water  bodies  change 
depth  and  configuration  very  markedly  on  a  seasonal  cycle  or  even,  in 
some  cases,  on  a  diurnal  cycle  (e.g.  tidal  channels)  made  it  nearly  man¬ 
datory  that  the  maps  contain  information  on  both  high-  and  low-water 
states.  Obviously,  in  view  of  this,  the  time  criteria  described  above 
(<J5-cm  or  more  depth  for  a  minimum  of  one  week  per  year)  had  to  be  aban¬ 
doned.  Instead,  a  far  less  rigorous  (and  unfortunately  partly  quali¬ 
tative)  criterion  was  adopted:  any  feature  containing  water  is  a  hydro- 
Ogic  geometry  feature  if  it  characteristically  contains  more  than  91  cm 
of  water  during  the  appropriate  "season."  That  is,  a  feature  would  be  a 
ydrologic  geometry  feature  during  the  dry  season  only  if  it  character¬ 
istically  contained  more 'than  91  cm  of  water  during  that  season,  and 
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similarly  for  the  wet  season.  In  this  context,  "season"  may  imply  either 
a  yearly  or  a  diurnal  (i.e.  tidal)  cycle. 

20.  It  was  apparent  that  the  division  of  water-containing  features 
into  wet-season  and  dry-season  types  would  result  in  many  features  that 
would  be  hydrologic  geometry  features  in  the  wet  season  and  surface  geom¬ 
etry  features  in  the  dry  season.  Such  was,  of  course,  found  to  be  the 
case.  Further,  the  redefinition  of  hydrologic  geometry  features  by  limit¬ 
ing  consideration  only  to  those  containing  91  cm  of*  water  or  more  led  to 
the  conversion  of  many  of  the  features  that  had  previously  been  accepted 
as  hydrologic  geometry  features  (regardless  of  season)  into  surface  geome¬ 
try  features,  since  the  hydrologic  geometry  data  collection  teams  selected 
sites  on. the  basis  of  a  minimum  depth  of  25  cm.  Thus,  a  substantial  body 

of  data  became  available  which,  by  all  logic,  should  have  been  incorporated 

V- 

in  the  surface  geometry  data  base.  The  difficulty  lay  in  the  fact  that 
surface  geometry  (see  Volume  III  of  this  series  of  reports)  features  were 
to  be  mapped  on  an  areal  basis,  whereas  all  of  the  transformed  hydrologic 
geometry  data  could  be  reasonably  considered  only  on  a  linear  basis, 
since  without  exception  such  data  consisted  of  descriptions  of  shallow 
streams,  canals,  borrow  pits,  lake  margins,  and  the  like.  In  view  of 
this,  it  was  decided  arbitrarily  to  include  all  linear  surface  geometry 
features  on  the  same  map  used  to  present  hydrologic  geometry  information. 
Since  somewhat  different  parameter  arrays  had  been  developed  for  describ¬ 
ing  the  two  factor  families  (surface  geometry  and  hydrologic  geometry), 
these  distinctions  were  maintained;  therefore,  the  hydrologic  geometry 
map  requires  a  legend  that  encompasses  both  hydrologic  and  surface  geom¬ 
etry  (for  example,  see  plate  l.ld  of  Volume  VIII )  ? 

21.  There  is  no  intent  to  map  the  width  of  channels  or  to  indicate 
width  by  symbols.  Standard  conventions  for  the  use  of  single  or  double 
lines  for  channels,  as  given  in  the  AMS  maps,  indicate  relative  widths. 
These  are  not  to  be  accepted  as  precise  scalar  representations.  Lakes  or 
other  water-filled  basins  are  shown  as  in  the  AMS  base  maps.  The  bound¬ 
aries  represent  water- land  contacts,  not  the  91-cm  depth  line,  and  are  not 
based  on  conditions  at  a  specified  time  in  relation  to  seasonal  water- 
land  fluctuations. 
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22.  In  order  to  prepare  a  map  of  optimum  utility,  it  was  necessary 
to  choose  those  parameters  that  are  of  greatest  significance  to  vehicle 
mobility  and  that  could  be  extracted  from  the  available  information.  The 
number  of  parameters  had  to  be  limited  so  they  could  be  comprehensibly 
presented  on  a  map.  Since  vehicle  test  data  were  not  available  at  the 
time  this  analysis  was  made,  advantage  could  not  be  taken  of  that  informa¬ 
tion  to  guide  the  choice  of  parameters.  Within  this  framework,  the  fol¬ 
lowing  parameters  ( illustrated  in  fig.  6)  were  choseni 


Hydrologic  Geometry _ 

Contact  approach  angle  (l) 
Step  (2)  height  (3) 
Position  of  step  base  (4)’' 
Water  depth  (5) 


_ _ Surface  Geometry _ 

Exterior  terrain  approach  angle  (6) 
Interior  terrain  approach  angle  (6) 
Step  height  (7) 


(1) 


(2) 

(3) 

(4) 

(5) 

(6) 

(7) 


Contact  approach  angle  is  defined  under  two  conditions: 

(a)  where  the  water  is  between  0.91  and  1.37  m  deep,  and 

(b)  where  the  water  depth  is  greater  than  1.37  m.  The  con¬ 
tact  approach  angle  under  condition  (a)  is  the  angle  between 
the  bed  and  the  bank  of  the  water  body;  under  condition  (b) 
it  is  the  angle  formed  by  a  line  parallel  to  and  1.37  m 
below  the  water  surface,  and  the  bank  of  the  water  body. 

A  step  is  a  facet  of  the  channel  bank  that  (a)  is  steeper 
than  that  portion  of  the  bank  where  the  contact  approach 
angle  is  measured,  (b)  exceeds  35  deg  in  slope,  and  (c)  is 
at  least  15  cm  in  vertical  height. 

Step  height  is  the  difference  in  elevation  between  the  top 
and  base  of  a  step. 

Position  of  step  base  is  defined  as  the  vertical  distance 

of  the  base  of  a  step  above  or  below  the  surface  of  the 
water. 

Water  depth  is  the  greatest  vertical  distance  between  the 
water  surface  and  the  bottom  of  a  channel. 

An  interior  terrain  approach  angle  is  the  angle  formed  be¬ 
tween  the  bed  and  bank  of  a  drainage  channel.  An  exterior 
approach  angle  is  the  angle  formed  between  the  stream  bank 
and  the  ground  surface  above  the  channel. 

Step  height  for  surface  geometry  is  the  vertical  distance 
from  the  lowest  point  in  the  channel  to  the  top  of  the  lower 


WEST  BANK* 


EAST  BANK 


CONTACT  APPROACH 
ANGLE 


CONTACT  APPROACH 
ANGLE 


(a) 


WATER  DEPTH  BETWEEN  0.91  AND  1.37  M 


(C)  WATER  NOT  PRESENT,  OR  LESS  THAN  0.91  M  DEEP 


SURFACE  GEOMETRY  FEATHpf 


*  NOTE: 


®ANK  s  ™e  F,RST  bank  encountered  while  TRAVERSING  AN 
AREA  IN  AN  EASTERLY  DIRECTION  (I.E.  AZIMUTH  >  0  TO  180  DEG)  ANn 
THE  EAST  BANK  IS  THE  FIRST  BANK  ENCOUNTERED  WHILE  TRAVERSIMr- 

an  area  in  a  westerly  direction  (I.E.  azimuth  >  J2 'to ££  DEr 


Pig.  6.  Nomenclature  and  location  of  components  of  features 
described  under  hydrologic  geometry 


Analysis  of  Data 

23.  The  data  analysis  was  accomplished  by  the  following  steps: 
(a)  constructing  cross  sections  from  the  field  data,  (b)  measuring  the 

appropriate  factors  to  be  mapped,  and  (c)  recording  those  measurements 
on  an  appropriate  form. 
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24.  The  cross  sections  were  constructed  (fig.  7)  at  an  undistorted 
scale  from  the  data  on  the  Hydrologic  Geometry  Data  Forms  (figs.  4  and  5). 
All  cross  sections  at  a  site  were  plotted  on  the  same  sheet  and  iden¬ 
tified.  Since  the  classification  to  be  used  as  the  basis  for  mapping  was 
dependent  upon  water  depth,  every  effort  was  made  to  define  the  various 
water  stages.  The  first  step  in  the  process  was  to  plot  the  water  level 
at  the  time  the  sample  was  taken  (fig.  7).  If  the  maximum  and  minimum 
levels  were  noted  on  the  data  sheets  (as  in  fig.  4)  they  were  also  plotted 
(fig.  7,  cross  section  2).  An  effort  was  then  made  to  establish  the  mean 
maximum  and  mean  minimum  water  levels.  As  used  herein,  the  terms  are 
deliberately  chosen  to  exclude  extreme  water  levels  that  may  be  reached 
only  for  a  few  hours,  at  intervals  of  several  years,  immediately  follow¬ 
ing  unusually  heavy  rains,  or,  conversely,  only  after  abnormally  pro¬ 
tracted  periods  of  drought.  The  estimation  of  mean  maximum  water 
level  was  based  on  such  indications  as  the  presence  of  "nicks"  on  the 
banks  or  the  presence  of  floodplain  features  on  the  level  of  the  surface 
in  which  the  channel  is  incised.  In  some  instances,  the  field  teams  noted 
evidences  of  high  water,  such  as  drift  caught  in  trees,  water  marks  on 
vegetation  along  the  banks,  reports  by  the  local  inhabitants,  etc.  The 
estimation  of  mean  minimum  water  levels  was  much  more  difficult,  and  in 
many  instances  was  hardly  better  than  a  guess.  In  a  few  fortunate  cases, 
members  of  the  field  teams  had  seen  the  channel  at  a  low  water  stage. 

In  some  instances  the  teams  were  able  to  obtain  information  from  the  local 
inhabitants.  Lacking  these  sources  of  information,  it  was  usually  assumed 
that  the  mean  minimum  stage  would  just  cover  the  flattest  portion  of  the 
channel  bottom. 

25.  Measuring  and  recording  values  along  the  cross  sections  were 
accomplished  concurrently.  Since  the  various  angles  on  the  actual  profiles 
were  often  complex  (e.g.  a  series  of  small  facets  together  may  compose  any 
one  of  the  angles  as  defined),  the  precise  angle  to  be  measured  was  often 
not  apparent.  The  angle  to  which  the  vehicle  responds  depends  on  the  geom¬ 
etry  of  the  specific  vehicle  itself.  In  order  to  determine  this  pre¬ 
cisely,  scaled  outline  figures  of  the  two  vehicles  previously  chosen  as 
representative  of  the  types  of  military  logistic  carriers  to  be  considered 
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Fig.  7.  Typical  cross  sections,  Site  l-H-10,  Nakhon  Sawan  study  area 


(the  M37  and  M113)  were  prepared  on  transparent  acetate.  These  figures 
were  then  superposed  on  the  profiles  (the  HU3  on  hydrologic  features 
and  the  M37  on  surface  geometry  features),  and  the  minimum  angles  encoun. 
tered  were  measured  with  a  protractor. 

26.  For  the  purpose  of  standardizing  the  location  of  all  angular 
measurements,  a  numbering  system  Was  used  to  which  the  angles  recorded 
for  surface  geometry  features  were  referred.  This  is  illustrated  in 
fig.  6.  It  will  be  noted  that  angles  3,  h,  5,  and  6,  which  are  also 
termed  the  interior  and  exterior  approach  angles,  are  the  only  ones  used 
r  the  factor  map  .  Angles  1,  2,  7,  and  8,  not  always  present,  are 
positioned  on  surface  geometry  features  lying  outside  the  channel  area. 
They  were  measured  and  recorded  with  the  corresponding  step  height 
(applicable  to  the  surface  features  external  to  the  channel-not  to  be 
confused  with  the  step  height  corresponding  to  the  channel  depth). 

27.  A  form  (fig.  8)  was  devised  to  record  the  measurements  and 
other  pertinent  data.  In  order  to  separate  hydrologic  geometry  features 
from  surface  geometry  features,  the  data  form  was  designed  so  that  both 
types  were  recorded  on  the  same  sheet.  Thus,  all  terrain  factor  values 
describing  a  site  are  given  on  the  same  form.  The  forms  wore  designed 
so  that  there  would  be  a  space  for  a  notation  (i.e.  the  recording  of  a 
factor  value)  for  every  possible  factor.  Since  not  all  features  exhib¬ 
ited  every  possible  factor,  many  of  the  completed  forms  contain  m.-w. 
(fig.  ).  The  data  form  does  not  incorporate  either  the  current  velocity 
data  or  the  cone  index  data  collected  at  each  site.  The  current  velocity 
measurements  were  omitted  because  it  proved  to  be  practical  to  inter¬ 
pret  that  factor  from  the  available  air  photos.  Since  the  site  data 
could  not  be  extrapolated  to  unsampled  areas,  there  was  little  point  in 
including  it  on  the  data  sheets.  The  cone  index  values  collected  at 
each  site  were  also  omitted  on  the  data  form,  since  th.se  factors  were 
not  included  as  elements  in  the  classification  of  either  hydrologic  geom¬ 
etry  or  surface  geometry.  These  data  were,  however,  used  as  a  part  of 
the  ground  truth  for  the  mapping  of  surface  composition.6 


Development  of  Class  Ranges  for  Mapping 

28.  The  data  were  analyzed  to  establish  class  ranges  for  mapping 
that  would  be  meaningful  in  terms  of  vehicle  response  and  recognisable 
or  interpretable  from  air  photos.  It  was  desirable  to  correlate  the  class 
ranges  with  any  naturalistic  breaks  if  any  could  be  detected.  The  cri¬ 
terion  of  potential  recognition  from  air  photos  was  required  since  the 
relatively  low  density  of  measured  sites  made  it  necessary  to  extrapolate 
the  information  to  unsampled  areas.  Class  ranges  that  could  not  be  in¬ 
terpreted  from  air  photos  would  render  the  mapping  process  almost  totally 
impracticable. 

29.  Since  the  measured  water  depths  did  not  reveal  any  preferred 

frequencies,  class  ranges  of  this  factor  were  established  on  the  basis  of 

fording  and  floating  depths  of  selected  military  vehicles  (see  para- 
graph  18). 

30.  Frequencies  of  occurrence  of  the  other  parameters  were  exam¬ 
ined  but  failed  to  yield  any  pronounced  modal  concentrations.  Conse¬ 
quently,  the  class  ranges  were  selected  more  or  less  arbitrarily;  ho«ver, 
i  ems  that  would  prohibit  movement,  such  as  maximum  gradeability  of  the 
vehicles  aid  the  height  of  slopes  exceeding  35  deg,  influenced  these  "arbi¬ 
trary  selections.  The  surface  geometry  data  were  analysed  in  conjunc¬ 
tion  with  the  study  of  the  surface  geometry  factor  family,  and  the  same 
classes  were  used.  The  rationale  for  selecting  the  surface  geometry  class 
ranges  is  discussed  in  Volume  ill  of  this  series  of  reports.  The  mapping 
classes  for  the  hydrologic  geometry  and  surface  geometry  factors  are  shown 

31.  After  establishing  the  mapping  classes,  the  data  were  placed 
on  manually  manipulated  key- sort  punch  cards  to  facilitate  rapid  retrieval 
and  comparison  during  map  preparation.  An  example  of  a  key- sort  card 
with  site  data  placed  upon  it  is  given  in  fig.  10.  These  cards  contain 
both  punched  and  written  information.  Punched  information  (fig.  10)  con¬ 
sists  of  military  grid  coordinates  of  the  site,  code  number  of  the  study 
area,  type  of  data  (including  both  surface  geometry  and  hydrologic  geaa- 
e  ry,  me  latter  is  categorised  as  "Water-land  Interface"  on  the  cards). 
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HYDROLOGIC  GEOMETRY  FEATURES 


CONTACT  APPROACH  ANGLE 


Unit 

Range 

deg 

1 

<  145 

2 

145-155 

3 

>  155-165 

4 

>  I65-18O 

STEP  HEIGHT 


Unit 

p. 

ange 

in. 

cm 

1 

<  12 

<  30.48 

2 

12 -<  24 

30.48-<  60.96 

3 

24 -<  36 

60.96-<  91.44 

4 

36-48 

91.44-121.92 

5 

>  48 

>  121.92 

X 

step  absent 

step  absent 

POSITION  OF  STEP  BASE 


WATER  DEPTH 


Unit 

Range 

in. 

cm 

1 

>  48  1 

>  121.92  ] 

2 

3 

>  36-48 

>  18-36 

"  bwl1 

>  91.44-121.92 

>  45.72-91.44 

•  bwl 

4 

1-18  J 

2.54-45.72 

5 

at  water  level 

6 

1-12  ' 

2.54-30.48  ' 

7 

8 

>  12-30 

>  30-'  3 

>  awl2 

>  30.48-76.22 

>  76.22-121.92 

►  awl 

9 

>  46  J 

>  121.92 

X 

step  absent 

step  absent 

Below  water  level. 

2 

Above  water  level. 


Unit 

Range 

ft 

m 

1 

2 

3-4.5 
>  4.5 

0.91-1.37 
>  1.37 

LINEAR  SURFACE  GEOMETRY  FEATURES 


TERRAIN  APPROACH  ANGLE 


Unit 

Range 

deg 

1 

<  100 

2 

ioo-<  125 

3 

125-<  150 

4 

150-<  165 

5 

165 -<  180 

6 

l80-<  200 

7 

200 -<  210 

8 

210-<  220 

O 

>  220 

Unit 

Range 

in. 

cm 

1 

o-4 

0-10.16 

2 

>  4-io 

>  10. 16-25.40 

3 

>  10-18 

>  25.40-45.72 

4 

>  18-30 

>  45.72-76.20 

5 

>  30-48 

>  76.20-m.92 

6 

>  48-66 

>  121.92-167.64 

7 

>  66-84 

>  167.64-213.36 

8 

>  84 

>  213.36 

Fig.  9.  Mapping  class  ranges  of  hydrologic  geometry  and  linear 

surface  geometry  features 


site  number,  and  classes  for  each  factor- -contact  approach  angle,  step 
height,  position  of  step  base,  and  water  depth  for  hydrologic  geometry, 
and  approach  angle  and  step  height  for  surface  geometry  features.  The 
classes  that  describe  each  factor  for  both  high-  and  low-water  conditions 
for  the  hydrologic  geometry  factors  were  punched  for  each  site.  Written 
information  consists  of  geographic  coordinates,  air- photo  and  pattern 
reference  (see  Volume  III,  this  ’••-port),  all  samples  taken  in  the  vicinity 
for  other  factor  families  (entitled  "Proximity  Samples"  on  the  card;  see 
left  side  of  fig.  10),  sampling  date,  and  information  on  the  "Summary  of 
Hydrologic  Field  Data"  sheet. 
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PART  IV:  INTERPRETATION  AND  MAPPING  TECHNIQUES 

32.  The  data  collected  by  the  field  teams  describe  only  the  exact 
places  at  which  the  data  were  taken.  In  order  to  map  the  distributions 
of  factors  and  factor  values  for  every  point  in  the  six  primary  study 
areas,  a  method  had  to  be  developed  for  extrapolating  the  point  data  repre¬ 
sented  by  the  samples  to  the  entire  area.  Since  the  only  sources  of  in¬ 
formation  on  the  areas  of  consideration  were  maps  and  air  photos,  this 
meant  that  for  all  practical  purposes  the  problem  was  reduced  to  one  of 
the  development  of  map  an^  air-photo  interpretation  techniques,  princi¬ 
pally  the  latter .  A  subsidiary  effort  involved  the  development  of  appro¬ 
priate  symbol  systems  for  placing  the  interpreted  information  on  the 
factor  maps.  Since  all  features  of  concern  for  the  hydrologic  geometry 
maps  were  linear,  a  system  substantially  different  from  that  used  for  the 
other  factor  families  (surface  composition,  surface  geometry,  vege¬ 
tation)  was  required. 

33.  The  available  air  photos  for  this  project  varied  in  scalj  and 
quality.  The  scales  varied  from  1:50,000  to  1:15,000  (see  fig.  l).  The 
smaller- scale  photographs,  which  were  the  only  ones  available  for  four 
of  the  six  study  areas,  were  taken  approximately  12  years  prior  to  this 
study.  They  are  the  photographs  from  which  the  AMS  base  maps  were  con¬ 
structed.  Consequently,  all  changes  in  drainage  features  developed  within 
the  past  12  years  are  not  reflected  on  the  maps.  Air  photos  obtained  in 
1965  under  a  MERS  contract  were  available  for  two  areas  (Lop  Buri  and  Pran 
Buri)  during  the  hydrologic  factor  mapping  phase. 


Air-Photo  Interpretation  Techniques 

34.  Two  approaches  can  be  followed  for  ascertaining  the  charac¬ 
teristics  of  features  in  an  air  photo.  These  are  (a)  direct  measurement 
and  (b)  inference  or  interpretation  based  on  the  pattern  the  features 
exhibit  in  the  photograph.  Naturally,  where  ground  measurements  were 
available,  these  data  were  known  characteristics  and  were  used  to  iden¬ 
tify  the  feature  as  well  as  to  assist  in  extrapolating  to  similar  patterns 
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in  •unsampled  areas.  The  scale  of  the  air  photos  coupled  with  the  charac¬ 
teristics  of  the  hydrologic  features  to  be  identified  made  direct  meas¬ 
urements  from  air  photos  impossible.  Therefore,  a  procedure  had  to  be 
established  whereby  the  characteristics  could  be  inferred  or  interpreted. 

35.  The  patterns  exhibited  by  water  bodies  on  air  photos  were 
identified  on  the  basis  of  their  tone,  texture,  and  geometry.  These  char¬ 
acteristics  are  discussed  in  the  following  paragraphs.  The  method  used 
to  identify  the  physical  characteristics  of  the  water  bodies  will  be  dis¬ 
cussed  later  in  this  report. 

Pattern  geometry 

36.  The  origin  of  a  water  body,  whether  man-made  or  natural,  is 
indicated  by  the  geometric  configuration  of  its  air-photo  pattern.  For 
example,  the  uniformity  with  respect  to  width  and  straightness  of  a  man¬ 
made  canal  contrasts  greatly  with  a  meandering  river.  Therefore,  the 
discussion  of  pattern  geometry  of  water  bodies  will  be  with  respect  to 
the  origin  of  the  feature . 

37.  Man-made  water  bodies  within  the  study  areas  reported  herein 
include  canals,  irrigation  ditches,  borrow  pits,  man-altered  streams,  etc. 
Photographs  1  and  2  are  ground  views  of  an  irrigation  canal  and  a  borrow 
pit,  respectively.  Photograph  3  shows  stream  patterns  that  have  been 
altered  for  irrigation  purposes.  Though  canals  vary  in  width,  a  specific 
canal  can  usually  be  identified  by  a  pair  of  parallel  lines  a  uniform 
distance  apart.  Several  canals  usually  are  associated  to  form  a  network 
of  interconnecting  parallel  lines  on  an  air  photo.  Included  in  this  net¬ 
work  are  ditches  that  take  off  from  the  canals  to  the  cultivated  fields. 
Along  the  larger  canals  the  parallel  lines  are  broken  by  bridges,  locks, 
and  dams.  Borrow  pits  are  suggested  by  narrow  elongate  bands  inter¬ 
mittently  spaced  along  either  or  both  sides  of  a  railroad  or  road. 

38.  Natural  water  bodies  vary  more  in  shape  than  man-made  features. 
The  shapes  and  patterns  of  natural  water  bodies  are  influenced  by  several 
factors,  including  type  of  drainage  (undei ground  or  surface),  topography, 
volume  of  water  and  amount  of  sediment,  type  of  material  (soil  type  or 
rock),  and  tide.  The  resulting  shapes  vary  from  slightly  curved  to  sinu¬ 
ous  parallel  or  subparallel  lines  of  various  widths  to  irregular  or  cir¬ 
cular  or  elliptical  outlines. 


28 


39.  Natural  water  bodies  within  the  Thailand  study  areas  are  of  the 
following  types:  (a)  coastal  features,  (b)  streams  and  rivers,  (c)  lakes, 
and  (d)  sinks. 

40.  Natural  coastal  features  in  the  Chanthaburi  and  Pran  Buri  study 
areas  include  lagoons,  estuaries,  and  tidal  rivers.  The  shapes  of  these 
features  vary  from  irregular  for  the  lagoons  and  estuaries  to  sinuous  sub¬ 
parallel  lines  that  decrease  in  width  inland  for  the  tidal  rivers.  Tribu¬ 
taries  joining  the  streams  form  irregular  branching  lines. 

41.  Streams  and  rivers  vary  in  width  and  planimetric  shape.  Streams 
in  areas  of  high  relief  (mountains  and  hills)  are  generally  straighter  and 
narrower  than  meandering  streams  with  wide  floodplains.  In  heavily  vege¬ 
tated  areas  some  of  these  streams  are  obscured  and  are  difficult  to 
delineate.  Stereoscopic  examination  is  very  useful  in  these  areas.  Mean¬ 
dering  streams  and  rivers  with  wide  floodplains  exhibit  circuitous  parallel 
lines  of  various  widths.  Some  of  these  water  bodies  are  j'oined  by  numer¬ 
ous  tributaries  and  abandoned  courses,  and  their  networks  present  dis¬ 
tinctive  identifiable  patterns  of  crooked  to  looping  connecting  sets  of 
parallel  or  subparallel  lines.  Arcuate  swales  (depressions)  are  common 
within  the  bends  of  these  streams.  Photograph  4  shows  a  natural  lake  in 
the  vicinity  of  a  bend  at  which  a  sample  site  was  located  in  the  Nakhon 
Sawan  study  area,  and  photograph  5  is  a  ground  view  of  a  medium- sized 
stream  in  the  Khon  Kaen  study  area. 

42.  The  geometric  outlines  of  lakes  vary  from  two  parallel  or  sub¬ 
parallel  lines  with  arcuate  shape  to  irregular  bodies  covering  many  square 
kilometers.  Most  of  these  water  bodies  are  recognizable  in  air  photos 
from  their  tone  and  texture.  Fhotograph  6  shows  a  portion  of  a  river  seg¬ 
ment  and  a  natural  lake.  Note  that  the  aquatic  vegetation  shown  in  the 
ground  view  of  the  sample  site  location  (photograph  7)  is  also  apparent 

in  the  air  photo  (photograph  6). 

43.  Sinks,  typical  of  karst  regions,  are  elliptical  or  circular  de¬ 
pressions  forming  randomly  oriented  or  subparallel  patches  that  extend 
over  a  considerable  area.  These  sinks  may  or  may  not  contain  water,  de¬ 
pending  upon  their  underground  drainage  characteristics. 
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Pattern  tone  and  texture 

44.  Identification  of  water  bodies  (both  hydrologic  and  surface 
geometry  by  definition)  was  aided  considerably  by  the  presence  of  water. 
Water  usually  produces  a  distinctive  image  on  air  photos  j  it  can  normally 
be  identified  by  an  amorphous  texture  and  a  light  gray  tone.  This  state¬ 
ment  should  not  be  construed  to  mean  that  every  tone-texture  of  this 
type  represents  water,  because  in  many  cases  other  associations  (such  as 
topography)  must  be  made.  An  amorphous  texture  simply  means  that  there 
are  no  visible  grains  that  form  the  tone.  The  tone  of  water  bodies  on 

a  photograph  can  be  altered  by  the  presence  of  organic  matter  or  vegeta¬ 
tion,  suspended  soil  particles  in  the  water,  and  the  reflection  of  sun¬ 
light  on  the  surface."^  Vegetation  and  soil  particles  usually  darken  the 
tone,  and  the  reflection  of  solar  rays  tends  to  lighten  the  tone  almost 
to  white.  In  contrast  to  light-toned  water  bodies,  certain  water  bodies 
such  as  swamps  exhibit  a  dark  tone  that  can  be  attributed  primarily  to 
organic  content  and  presence  of  vegetation.  The  texture  of  these  patterns 
varies  between  smooth  for  the  exposed  water  to  grainy  for  the  water  with 
vegetation  in  or  on  it.  These  features  are  associated  with  a  low,  un¬ 
drained  topographic  position  in  reference  to  the  surrounding  terrain. 

45.  Contrast  between  the  light  gray  tone  of  water  and  the  medium 
to  dark  gray  tone  of  vegetation  along  banks  or  levees  if  also  a  key  to 
identification. 

Stereoscopic  examination 

46.  Stereoscopic  examination  of  the  photographs,  which  emphasizes 
differences  in  elevation,  assists  in  identification  of  water  bodies.  For 
example,  the  sides  or  banks  of  larger  canals  appear  to  be  higher  than 
the  surrounding  terrain.  In  contrast  the  water- retaining  depressions 
(sinks,  swamps,  borrow  pits,  etc.)  lie  at  lower  elevations  than  the  sur¬ 
rounding  surface.  The  water  in  rivers  and  streams  also  normally  appears 
lower  than  the  banks. 

General  comments 

47.  The  photo  interpretation  process,  with  its  requirement  for 
very  detailed  examination  of  large  numbers  of  air  photos,  was  the  most 
time-consuming  component  of  the  entire  mapping  procedure.  Furthermore, 
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it  was  also  the  component  that  required  the  highest  levels  of  experience 
and  judgment.  Since  the  factual  base  was  necessarily  restricted  to  spot 
locations,  the  interpolation  between  them  was  guided  primarily  by  the 
appearance  of  the  channels  or  water  bodies  on  the  photographs.  Had  it 
been  possible  to  derive  the  factor  values  directly  from  the  photographs, 
little  more  would  have  been  required  to  produce  a  map  of  high  reliability. 
Unfortunately,  these  factors  could  only  be  inferred.  To  further  compli¬ 
cate  the  photo  interpretation,  some  of  the  factors  mapped  were  always 
partially  or  entirely  below  the  surface  of  the  water.  Even  if  they  were 
above  the  surface,  their  magnitude  at  the  scale  of  photography  available 
was  too  small  for  mensuration.  This  was  true,  in  most  cases,  even  with 
the  new  1:15,000- scale  photographs.  Nevertheless,  the  inferences  that 
could  be  drawn  from  the  tonal  gradations  and  image  associations  in  the 
photos  were  numerous  and  valuable.  By  combining  the  measured  data  with 
the  photo  images,  reasonably  valid  analogies  could  be  drawn,  and  these 
analogies  were  used  to  interpolate  between  control  points. 


48.  The  mapping  phase  of  this  study  entailed  the  interpretation  of 
the  hydrologic  geometry  parameters  fror  available  data  and  the  portrayal 
of  the  results  on  maps  in  terns  of  class  ranges.  As  previously  men¬ 
tioned,  two  distinctive  conditions  were  portrayed— high-  and  low-water 
conditions.  An  ambiguous  situation  exists  in  regard  to  the  cyclical  suc¬ 
cession  of  high  and  low  water,  which  should  be  explained.  For  the  greater 
part  of  the  areas  mapped  this  cycle  is  seasonal  and  annual.  However,  for 
small  areas  in  the  Pran  Burl  and  Chanthaburi  study  areas  the  cycle  is  daily 
(tidal),  in  which  one  high  and  one  low  tide  occur  in  each  +24-hour  period. 
Since  the  map  legends  specify  only  that  they  pertain  to  mean  maximum 
and  minimum  water  conditions  without  regard  to  time  cycle,  no  distinction 
is  made  between  the  seasonally  and  the  tidally  controlled  areas.  Also, 
in  regard  to  the  alternation  of  high  and  low  water,  a  possibly  mislead¬ 
ing  portrayal  of  some  of  the  irrigation  canals  exists.  Many  of  these 
are  indicated  as  being  hydrologic  geometry  features  on  the  high-water  maps 
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and  surface  geometry  features  on  the  low-water  maps.  A  distinct  pos¬ 
sibility  exists  that  the  times  of  high  and  low  water  are  reversed  from 
seasonal  rainfall  periods  for  those  irrigation  features  in  which  water 
for  agricultural  purposes  may  be  concentrated  at  times  when  water  in  the 
natural  drainage  system  is  reduced.  However,  since  no  definite  informa¬ 
tion  is  available  concerning  this  possibility,  no  such  indications  are 
shown  on  the  maps.  The  possibility  also  exists  that  fluctuation  of  high 
and  low  water  in  the  artificial  channels  is  irregular  and  not  correlated 
with  the  seasonal  cycle,  but  is  controlled  by  local  agricultural  demands. 

49.  Before  detailing  the  mapping  rationale,  the  sources  of  infor¬ 
mation  on  which  it  was  based  should  be  mentioned  again:  (a)  field  meas¬ 
urements,*  (b)  air  photos,  (c)  AMS  topographic  maps,  (d)  ground  photog¬ 
raphy,  (e)  personal  observation  of  the  areas,  and  (f)  background  knowledge 
of  hydrologic  principles.  All  these  items  were  used  by  personnel  pre¬ 
paring  the  maps. 

50.  The  development  of  the  hydrologic  geometry  factor  maps  and  the 
hydrologic  geometry  factor- family  map^  involved  seven  very  general  steps, 
as  follows. 

a.  Plotting  of  sample  locations.  All  of  the  points  sampled 
by  the  field  teams  were  plotted  carefully  on  the  1:50,000 
AMS  topographic  maps  (AMS  Series  L708).  In  most  cases 

the  sample  points  were  clearly  associated  with  a  hydrologic 
geometry  feature  such  as  a  stream,  canal,  or  lake,  but  in 
some  instances  the  points  fell  in  positions  not  obviously 
related  to  any  mapped  feature. 

b.  Construction  of  base  map.  With  the  sample  point  locations 
as  a  guide,  a  base  map  of  all  hydrologic  geometry  and 
linear  surface  geometry  features  was  constructed  (see  para¬ 
graph  51).  Where  the  points  fell  on  mapped  features,  the 
entire  extent  of  that  feature  as  presented  on  the  topo¬ 
graphic  map  was  traced.  In  those  instances  where  the  point 
was  not  related  to  a  mapped  feature,  the  sample  location 
was  transferred  to  the  best  available  air  photo;  the  feature 
that  the  sample  described  was  examined,  and  that  feature 
was  traced  throughout  its  extent.  Where  recent  large-scale 

( 1:15,000)  photographs  were  available,  many  hydrologic 


*  In  most  cases  two  profiles  were  prepared  for  each  sample  site.  These 
frequently  differed  with  respect  to  their  angular  and  step  parameters. 
In  such  cases,  one  profile  was  arbitrarily  chosen  as  representative  of 
the  site. 


32 


geometry  or  linear  surface  geometry  features  not  shown  on 
the  AMS  maps  were  identified  and  delineated.  Examination 
of  the  new  (1965)  large-scale  photos  also  revealed  that 
a  number  of  modifications  in  the  planimetric  shape  and  even 
the  locations  of  hydrologic  geometry  features  had  occurred 
since  the  AMS  mapping  photos  had  been  taken  (chiefly  from 
1953  to  1955)*  Where  such  changes  were  noted,  the  base 
map  was  corrected  accordingly.  Where  only  small-scale 
(l: 40,000  and  1:50,000)  photos  were  available,  very  few  fea¬ 
tures  not  mapped  on  the  AMS  maps  were  discovered.  The  only 
significant  exceptions  consisted  of  a  few  cases  in  which 
the  map  compilers  had  generalized  very  complex  and  fine¬ 
grained  drainage  patterns  (as  seen  on  the  photographs)  into 
much  simpler  patterns.  All  of  the  features  delineated  in 
the  photographs  were  then  transferred  by  visual  means  to 
the  base  map.  Some  positional  errors  were  undoubtedly  in¬ 
troduced  by  this  procedure,  but  it  is  believed  that  they 
are  not  so  large  as  to  compromise  the  value  of  the  result¬ 
ing  base  map. 


Construction  of  hydrologic  geometry  high-water- stage  factor 
maP«  A11  sample  sites  exhibiting  a  water  depth  of  91  cm 
or  more  were  plotted  on  an  overlay  fitted  to  the  base  map. 
Each  site  thus  plotted  was  annotated  with  the  measured  depth 
and  with  the  estimated  or  recorded  depth  at  the  mean  maxi¬ 
mum  stage.  Each  feature  on  which  such  a  sample  was  located 
was  then  examined  on  the  air  photos,  and  an  interpretation 
was  made  as  to  the  extent  of  water  depths  of  91  cm  or  more 
along  that  feature.  All  possible  sources  of  background  in¬ 
formation,  of  which  a  major  source  was  the  interpreters' 
personal  experiences  with  Thailand  hydrologic  conditions, 
were  invoked  to  assist  in  this  process.  The  photos  were 
then  examined  for  features  of  similar  size  and  configura¬ 
tion  that  had  not  been  "flagged"  by  having  a  sample  point 
located  on  them.  Any  such  featu-es  were  also  traced  off 
the  base  map  onto  the  overlay.  Ail  features  delineated  on 
the  overlay  were  accepted  as  being  those  required  for  por¬ 
trayal  on  the  high-water-stage  map.  After  the  high-water- 
stage  features  had  been  determined,  the  chosen  factors 
had  to  be  identified  and  portrayed  by  class  ranges  (fig.  9). 
The  key-sort  punch  cards  for  the  sites  plotted  for  the 
high  water  stage  were  sorted  out,  and  the  factor  values 
exhibited  at  each  site  were  noted.  With  these  data, 
the  air  photos  were  again  closely  scrutinized  in  an 
effort  to  establish  recognition  criteria  for  the  various 
factor  value  classes.  These  criteria  having  been  estab¬ 
lished  as  well  as  possible,  each  selected  feature  was 
closely  studied,  and  appropriate  codes  were  used  to 
annotate  the  overlay  with  the  assigned  value  classes. 

Where  a  discontinuity  occurred,  an  index  mark  was  placed 
on  the  feature .  Each  bank  of  the  streams  and  canals  was 
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treated  individually,  and  it  was  noted-’  that  discontinu¬ 
ities  rarely  occurred  at  the  same  place  on  both  banks. 

When  all  notations  were  complete,  the  factor  value  classes 
along  each  discrete  segment  of  bank  (i.e.  the  segment  be¬ 
tween  index  lines  marking  discontinuities)  were  coded 
according  to  the  numerical  unit  codes  given  in  fig.  9.  The 
order  was  as  given  in  fig.  9;  thus,  a  bank  exhibiting  a 
contact  approach  angle  of  156  deg,  a  step  height  of  76  cm, 
a  position  of  step  base  51  cm  below  water  level,  and  a 
water  depth  of  122  cm  would  be  characterized  by  the  code 

2331. 

d.  Construction  of  hydrologic  geometry  low- water- stage  factor 
map.  The  analytical  process  for  the  compilation  of  these 
maps  was  analogous  to  that  used  for  the  high-water- stage 
maps  (  subparagraph  c  above ) .  The  only  difference ,  of 
course,  was  that  the  depth  of  water  at  the  mean  minimum 
water  level  stage  was  the  controlling  criterion.  Thus, 
each  feature  on  which  a  sample  was  located  that  exhibited 
a  water  depth  of  91  cm  or  more  at  mean  minimum  water  level 
was  accepted  as  being  a  hydrologic  geometry  feature  at 
the  low  water  stage.  The  same  interpretive  procedures  and 
the  same  annotation  and  coding  devices  used  for  the  high- 
water- stage  factor  maps  were  used  for  the  low-water- stage 
factor  maps.  It  is  apparent  that  many  features  classified 
as  hydrologic  geometry  features  at  high  water  stage  were 
reclassified  as  surface  geometry  features  at  low  water 
stage.  Furthermore,  even  in  those  instances  where  the  fea¬ 
ture  remained  in  the  hydrologic  geometry  category,  there 
were  many  features  in  which  every  factor  value  class  changed. 
This  occurred  because  the  interpretation  of  contact  approach 
angle,  step  height,  and  the  position  of  step  base  is  de¬ 
pendent  upon  the  position  of  the  water  level  with  respect 

to  the  bank;  on  many  complexly  configured  banks,  even  a 
modest  change  in  water  level  will  result  in  completely  dif¬ 
ferent  values  for  those  factors  that  describe  bank 
configuration. 

e.  Construction  of  linear  surface  geometry  low- water- stage 
factor  map.  The  base  map  incorporates  all  features  de¬ 
scribed  by  the  hydrologic  geometry  field  teams.  Thus,  the 
surface  geometry  low-water- stage  features  could  be  iden¬ 
tified  by  abstracting  from  the  base  map  all  of  those  fea¬ 
tures  identified  as  hydrologic  geometry  low-water- stage 
features.  This  process  was  accomplished  by  placing  the 
hydrologic  geometry  low-water- stage  map  over  the  base  map, 
placing  an  overlay  over  both,  and  drawing  on  the  overlay 
only  those  features  not  covered  by  the  hydrologic  geometry 
low-water- stage  map.  The  process  of  interpreting  for  the 
factor  value  classes  was  the  same  as  that  used  for  the 
hydrologic  geometry  factors,  except  of  course  that  the 
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interpretations  were  made  for  the  surface  geometry  factors 
(fig.  9).  Symbol  assignment  and  annotation  procedures 
were  also  analogous. 

Construction  of  the  linear  surface  geometry  high-water- stage 
factor  map.  A  process  analogous  to  that  used  for  the  con¬ 
struction  of  the  surface  geometry  low- water- stage  maps  was 
used  to  construct  the  surface  geometry  high-water- stage 
factor  maps.  The  map  on  which  all  hydrologic  geometry  high- 
water- stage  features  had  been  delineated  was  fitted  over 
the  base  map,  and  a  third  sheet  was  overlaid  on  the  two. 

All  features  on  the  base  map  not  covered  by  the  features  on 
the  hydrologic  geometry  high-water- stage  map  were  traced  on¬ 
to  the  overlay;  all  of  the  features  thus  transferred  are 
linear  surface  geometry  high-water- stage  features.  The  pro¬ 
cess  of  interpreting  for  factor  values  was  the  same  as 
that  used  for  the  surface  geometry  low- water  factors.  Sym¬ 
bol  assignment  and  annotation  procedures  were  identical. 

Compilation  of  combined  hydrologic  geometry  and  linear 
surface  geometry  factor -family  maps/  The  compilation  nrn. 
cess  for  combined  hydrologic  and  linear  surface  geometry 
factor -family  maps  is  as  follows: 

(l)  The  hydrologic  geometry  high-water- stage  (HG-HW)  fac¬ 
tor  maps  and  the  surface  geometry  high-water- stage 
(SG-HW)  factor  maps  are  exclusive;  that  is,  there  is 
no  overlap  of  features,  but  together  they  incorporate 
all  linear  features  that  are  to  be  considered.  These 
two  factor  maps  were  combined,  and  a  single  summary 
high-water-stage  map  was  traced.  All  features  were 
assumed  to  have  a  west  and  an  east  bank.  The  west  bank 
is  the  one  encountered  first  by  a  vehicle  traveling  in 
an  easterly  direction  (azimuth  0  to  180  deg  measured 
counterclockwise),  and  conversely  the  east  bank  is  the 
one  encountered  first  by  a  vehicle  moving  in  a  wes¬ 
terly  direction  (azimuth  180  to  360  deg).  All  fea¬ 
tures,  including  those  shown  with  a  double  line  on  the 
base  maps,  were  treated  in  this  way.  Each  feature  was 
ollowed  carefully,  and  the  code  combinations  for 
each  segment  were  recorded.  On  the  factor  maps,  each 
bank  was  classified  separately,  as  indicated  on  the 
stylized  diagram  below: 


Surface  geometry  feature  Hydrologic  geometry  feature 


East  bank 


r*  n 

L  L_ 


West  bank 
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However,  on  the  combined  map  the  codes  for  both  banks 
were  combined  into  a  single  symbol  combination,  as 
illustrated  below: 


The  digit  array  to  the  left  of  the  hyphen  is  the  code 
for  east  bank  conditions,  and  that  to  the  right  of 
the  hyphen  is  for  west  bank  conditions. 

(2)  The  hydrologic  geometry  low- water- stage  (HG-LW)  factor 
maps  and  the  surface  geometry  low- water- stage  (SG-LW) 
factor  maps  are  also  exclusive,  and  were  combined  in 
the  same  manner  as  described  for  the  high-water- stage 
maps.  For  the  same  stylized  feature  illustrated 
above,  the  resulting  combined  diagram  would  be: 


(3)  The  two  compilations  described  above  (i.e.  the  high- 
water-  stage  maps  and  the  low- water- stage  maps)  were 
then  combined,  and  a  final  compilation  was  made.  The 
diagram  resulting  from  the  synthesis  of  the  two  maps 
for  the  stylized  feature  previously  illustrated  is 
shown  below: 


2211-2211 


Note  that  the  numerator  of  the  fraction  is  the  anno¬ 
tation  of  the  high-water  conditions,  and  the  denomi¬ 
nator  identifies  the  low- water- stage  conditions.  All 
existing  combinations  were  then  on  the  final  map. 

(4)  In  areas  on  the  final  map  where  hydrologic  geometry 
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and  linear  surface  geometry  features  were  close  to¬ 
gether,  it  became  impractical  to  use  the  long  strings 
of  symbols  illustrated  previously.  Accordingly,  a 
simplified  map  symbol  system  was  devised.  The  sym¬ 
bols  were  first  divided  into  hydrologic  geometry  and 
surface  geometry  groups;  this  was  simple  and  direct, 
because  the  former  are  all  4-digit  symbols  and  the 
latter  are  all  2-digit  groups.  Both  of  the  resulting 
lists  of  symbols  were  then  placed  in  a  convenient 
order  by  arranging  them  in  numerical  sequence.  Thus, 
from  the  illustration  on  the  previous  page,  two  lists 
of  numbers  were  obtained: 


Hydrologic  Assigned 
Geometry  Map  Identi- 
Symbols  fication  Ho. 

1121-1331  1 

1234-2211  2 

2211-2211  3 

2211-3241  4 


Surface 

Geometry 

Symbols 

21- 44 

22- 35 

34-44 


Assigned 
Map  Identi- 
fication  Mo. 

5 

6 

7 


Then,  a  map  identification  number  was  assigned  to 
each,  as  illustrated  above.  A  simple  numerical  se¬ 
quence  was  used.  This  greatly  simplifies  the  problem 
of  placing  all  the  required  information  on  the  map. 
For  the  map  example  used  above,  the  result  was: 


Note  that  in  those  instances  where  the  numerator  «nd 
denominator  are  identical  for  the  surface  geometry 
features,  only  one  number  is  used.  Thus,  the  absence 
of  a  fraction  indicates  that  the  feat  lire  is  a  surface 
geometry  feature  at  both  high  and  low  water  stages. 


51.  A  total  of  1004  combinations  of  factor  value  classes  occur  in 
all  six  study  areas,  of  which  633  (map  units  I-633)  refer  to  hydrologic 
geometry  features,  and  371  (map  units  635-IOO5)  describe  linear  surface 
geometry  features.  In  the  map  folio^  the  combined  legend,  listing  every 
combination  found  in  any  of  the  six  study  areas  and  their  assigned  map 
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identification  number,  is  printed  on  the  page  facing  the  hydrologic  geom¬ 
etry  maps.  The  hydrologic  geometry  factor- family  maps  of  the  six  study 
areas  are  on  base  sheets  at  a  scale  of  1:50,000  taken  from  the  AMS  Series 
L708.  The  limits  of  these  maps  do  not  in  all  instances  coincide  with 
those  of  the  AMS  sheets  because  new  base  sheets  were  made,  where  needed, 
to  reduce  the  number  of  partially  mapped  sheets  (fig.  11 ).  These  limit 
changes  were  in  most  cases  a  matter  of  shifting  the  latitude  or  longitude 
5  or  10  deg  from  those  of  the  AMS  sheets.  Preparation  of  new  base  sheets 
resulted  in  a  reduction  of  the  total  number  of  base  sheets  covering  the 
six  study  areas  from  32  to  25.  An  example  of  a  portion  of  a  hydrologic 
geometry  fact  or- family  map  of  the  Lop  Buri  study  area  (LB  III  sheet)  and 
the  accompanying  legend  are  shown  in  fig.  12.  Since  only  a  portion  of 
the  map  is  shown,  all  combinations  included  in  the  legend  do  not  occur  on 
the  map  segment.  In  fact  the  legend  shown  is  only  a  partial  legend. 

52.  It  should  be  noted  that  the  ground  control  consisted  of  554 
sample  points  about  equally  distributed  among  the  six  primary  study  areas. 
Thus,  the  sample  density  was  only  about  one  per  16  km2.  In  addition, 
the  sample  points  were  concentrated  along  roads  and  motorable  trails,  so 
that  large  numbers  of  features,  readily  noted  on  maps  and  air  photos, 
were  not  sampled  at  all.  Interpretation  of  the  subtle  configurations  of 
bank  and  bottom  in  such  features  was  very  difficult  indeed,  and  the  re¬ 
sults  are  probably  much  less  reliable  than  those  from  sites  where  ground 
control  was  available. 
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PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 


! 

Conclusions 


53.  Despite  the  fact  that  most  of  the  factors  significant  to 
cross-country  mobility  and  associated  with  hydrologic  geometry  features 
are  too  small  to  be  measured  at  standard  air-photo  scales  (1:15,000, 
1:40,000,  and  1:50,000),  it  is  still  possible  to  achieve  reasonably  reli¬ 
able  estimates  of  the  factor  values  by  inference,  assuming  that  a  suffi¬ 
cient  set  of  ground  control  points  is  available. 

54.  Some  regions  in  the  primary  study  areas  were  insufficiently 
represented  by  ground  control  sampling  points  to  permit  reliable  photo 
interpretation  and  mapping.  For  a  regional  study,  all  major  terrain 
types  should  be  represented  in  the  sample  array;  otherwise  ext rapolat i on 
from  measured  points  becomes  extremely  tenuous  for  the  unsampled  terrain 
types.  Such  a  balance  was  not  entirely  achieved  in  this  study,  primarily 
because  of  the  difficulty  of  access  to  the  sites.  This  was  especially 
critical  in  areas  of  high-relief  terrain. 

55.  The  processes  of  photo  interpretation  and  the  compilation  of 
factor- family  maps  are  both  extremely  time-consumiig.  In  fact,  the  ex¬ 
penditures  of  labor  time  are  so  large  as  to  make  the  procedure  practical 
only  for  limited  areas,  assuming  present  techniques  ,kre  used. 

56.  It  is  technically  possible  to  map  those  hydrologic  geometry 
factors  that  significantly  affect  the  cross-country,  mobility  of  ground- 
contact  vehicles  in  such  a  form  that  the  map  units  can  be  used  as  inputs 
to  an  analytical  model  relating  terrain  conditions  to  vehicle  speed. ^ 

Recommendat ions 


57.  It  is  recommended  that  ground  photographs  be  used  to  a  greater 
extent  by  the  field  teams  responsible  for  measuring  hydrologic  geometry 
factors.  Stereopairs  should  be  taken  not  only  of  the  immediate  sites, 
but  of  adjacent  features,  including  bank  configurations  on  adjacent  reaches, 
as  well.  Taken  under  controlled  conditions,  such  photography  can  yield 
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reliable  estimates  of  factor  values  through  standard  photogrammetric 
procedures. 

58.  It  is  recommended  that  a  research  effort  be  launched  to  sim¬ 
plify  and  mechanize  the  factor-family  map  compilation  process.  Since 
the  process  is  entirely  mechanistic,  it  should  be  readily  amenable  to 
treatment  by  automatic  data  processing  machines.  It  is  anticipated  that 
the  product  of  such  a  data  manipulation  process  would  include  the  draw¬ 
ing  of  the  factor  and  factor- family  maps  by  a  computer- plotter  link. 
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Photograpn  1.  Stereopair  of  an  irrigation  canal  at  site  2-H-15-7 

in  the  Lop  Buri  study  area 


Photograph  2.  Stereopair  of  a  borrow  pit  paralleling 
the  highway  at  site  5-H-2  in  the  Khon  Kaen  study  area 


Photograph  4.  Stereopair  of  site  l-H-28  and  vicinity 
in  the  Nakhon  Sawan  study  area  showing  natural  lakes 
and  bends  ( 1:20,000) 


Photograph  5.  Stereopair  of  a  stream  being  sampled 
at  site  5-H-25  in  the  Khon  Kaen  study  area 
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Photograph  6.  Stereopair  of  site  l-H-9  and  vicinity  in  the  Nakhon 
Sawan  study  area  showing  a  portion  of  the  Chao  Phraya  River  and  a 
natural  lake .  Note  that  the  aquatic  vegetation  visible  in  photo¬ 
graph  7  is  also  apparent  in  this  photograph  (l:?0,000) 


Photograph  7.  Stereopair  of  a  lake  at  site  l-H-9 
in  the  Nakhon  Sawan  study  area 


APPENDIX  A:  SUMMARY  OF  HYDROLOGIC  GEOMETRY  FIELD  DATA 
AND  SITE  LOCATION  MAPS 
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Ibis 'Volume  presents  the  methods  used  in  collecting  hydrologic  geometry  data  in 
selected  areas  in  Thailand.  The  selection,  analyses,  and  classification  of  param¬ 
eters  significant  to  vehicle  mobility  are  discussed.  The  photo-interpretation 
methods  used  in  identifying  hydrologic  geometry  features  from  aerial  photographs 
(air  photos)  and  the  extrapolation  of  these  identifications  to  areas  not  investi¬ 
gated  on  the  ground  are  presented.  The  rationale  for  cartographic  portrayal  of 
these  parameters  is  explained. -.Utilizing  the  collected  field  data,  available  air 
photos,  and  the  Army  Map  Service  series  of  topographic  maps,  hydrologic  geometry 
factor  maps  were  prepared  covering  the  six  selected  study  areas  (Nakhon  Savan, 

Lop  Burl,  Chiang  Mai,  Chanthaburi,  Pran  Burl,  and  Khon  Kaen).  The  maps  are  pre¬ 
sented  in  Volume  VIII  of  this  series.  It  proved  only  partially  possible  to  deter¬ 
mine  the  existence  and  value  of  the  chosen  parameters  from  air  photos  since  some 
of  the  individual  factors  are  wholly  or  partially  below  the  water  surface.  Never¬ 
theless,  photo  interpretation  plus  extrapolation  from  measured  sites  mad*  it 
possible  to  map  the  parametric  values  by  class  range  with  reasonable  validity. 
Recommendations  are  made  involving  improvement  in  data- collect! on  techniques.  /  ) 
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